and 121 OGs are species-specific ( Fig. 1H , Table S3 ). Complete statistics for all the species are 1 1 presented in Table S4 (see Supplementary materials).
2
The comparison of the orthologous groups (OGs) among four species -S.mediterranea, S.mansoni, 1 3 P.simillimum и S.pseudoblogulus revealed that 3946 OGs are common for all studied flatworm 1 4 species. 2057 OGs are specific for trematodes, and 1244 OGs are specific to the family 1 5 Psilostomatidae (Fig. 1I) . P.simillimum has 79 species-specific OGs and in 870 OGs are specific for 1 6 S.pseudoglobulus. S.mansoni also has a lot of species-specific proteins (510 OGs), but their number 1 7 in S.pseudoglobulus clearly stands out. It was an unexpected observation that the number of 1 8 species-specific OGs in P.simillimum or S.pseudoglobulus differs more than 9-fold ( Fig. 1E ). 1 9 Genes with stage-specific expression in rediae, cercariae and adult worms 2 0
Each stage of the trematode life cycle is characterized by structures and functions that are not 2 1 present in the other stages. Thus, different sets of genes must be activated in order to allow these 2 2 differences. How many genes in the genomes of the trematodes are utilized for generation of stages-2 3 specific trait? In order to answer this question, we identified genes with preferential expression in 2 4 the redia, cercaria and adult worm stages in Psilotrema and Sphaeridiotrema. in P.simillimum have rediae-specific expression, 24.5% are specific for the cercariae, and 26.9% - for the adult worm. Differences between S.pseudoglobulus life cycle stages in terms of gene sets 2 8 utilized are more pronounced: 10.8% of genes have rediae-specific expression, 11.5% are rediae-Comparison of gene sets with stage-specific expression revealed that in contrast to P. simillimum, 1 where stage-specific sets are most similar to themselves only ( Fig.2A) , in S. pseudoglobulus there is 2 a significant overlap between the genes specifically expressed in rediae and cercariae stages ( Fig.   3 2B). This observation might be explained by the fact that inside of the redia the next generation 4 (cercaria) is developing. This can be clearly observed in Fig.2E where numerous round-shaped 5 structures visible inside of the Psilotrema redia are the developing cercaria larvae. 6 Next, we compared how similar are the transcriptomic signatures of the life stages between 7 Psilotrema and Spaeridiotrema. As a measure of similarity we used expression levels of 8 orthologous genes in each of the stages (TROM score 24 ). Our analysis revealed that the 9 transcriptomes of adult worm demonstrate the greatest similarity (TROM-score = 12.53), whereas 1 0 for cercariae and rediae, the similarity score is almost two times lower and equal to 6.49 and 6.72, 1 1 respectively. A weak "overlap" is also present between S.pseudoglobulus rediae and P.simillimum 1 2 cercariae (TROM-score = 0.82). In total 681 pairs of orthologous genes demonstrate similar the cercariae, 140 in the rediae, and 423 in the adult worms. 1 5 In order to obtain a global view of metabolic and signaling pathways that are most important in 1 6 each of the stages we mapped the sets of stage-specific genes onto KEGG pathways of human 1 7 (Tables S5-S11 ). The most "enriched" pathways in P.simillimum rediae are those regulating 1 8 pluripotency of stem cells, Lysosome function, Wnt signaling (see Fig.2D ), Axon guidance, 1 9 Neuroactive ligand-receptor interactions, Adherens junctions, Hippo signaling, Calcium signaling, 2 0
Cholinergic synapse and Focal adhesion. Vascular smooth muscle contraction. Last two pathways are rather expectable because a cercaria is 2 5 the only stage with striated muscles an active locomotion.
6
The most enriched pathways in P. simillimum adult worm are Metabolic pathways, Lysosome, Gap In general, differentially expressed genes in Psilotrema and Sphaeridiotrema belong to the similar 3 0 pathways which is not surprising taking into consideration close phylogenetic relations of these two One interesting observation is the staggered expression of the homeobox-containing transcription 1 factors during the life cycle of Psilotrema and Sphaeridiotrema (Fig.2F ). It is obvious that some of 2 the homeobox genes are expressed in redia-, cercaria-or adult worm-specific manner. It is 3 remarkable that the majority of homeobox genes are more active in parthenogenetic generations and 4 their expression is down-regulated in the adult worms. This trend might be explained by active 5 morphogenetic processes that take part in during the development of the redia and cercaria. 6 Alternatively, this might indicate that in Trematoda some homeobox genes are utilized as molecular 7 switches regulating transition between different life cycle stages.
8
[Discussion] 9 Both species selected for our study are characterized by the life cycles with two hosts and the 1 0 presence of a rediae stage. Due to their phylogenetic positions and well retained ancestral traits 1 1 these species can be regarded as good models to study the molecular basis the life cycle regulation individual stages of their life cycles except for miracidia and metacercaria. 1 5 In the absence of genomic references for P.simillimum and S.pseudoglobulus, their transcriptomes 1 6
were assembled de novo and quality controls suggest that both assemblies are of high quality and 1 7 completeness ( Table 2) . The absence of similar sets of the metazoa-specific single-copy orthologs (Table S10 ) may also suggest the active cercariae embryogenesis inside the specimens of 4 the parthenogenetic generation. and Sphaeridiotrema remained much more similar than their corresponding rediae and cercaria 1 6 stages. What might be the reason for that? It is possible that their definitive hosts (birds) are much 1 7 more similar than their intermediate hosts (mollusks) and it took much less changes in order to 1 8 adjust the physiology and morphology of the worms to their hosts. 1 9 In both P.simillimum and S.pseudoglobulus, the majority of genes are transcriptionally active in the 2 0 adult worms. In P.simillimum, the number of sequences associated with this stage differs less than 2 1 twice from those related with rediae or cercariae. At the same time in S.pseudoglobulus, this 2 2 difference is larger more than 5.5 times. Such striking differences between the adult worms and 2 3 other stages of S. pseudoglobulus life cycle can reflect the diversity and intensity of the processes 2 4 taking place in the adult worm body as well as may be a result of the presence of several 2 5 transcriptional activity "sources" in the collected material. We can suggest that the miracidium eggs 2 6 that are formed in the body of an adult worm as well can be regarded as candidates for these 2 7 "sources". Another explanation of this phenomenon may be the presence of cryptic species. [Conclusion] 1 7 Established culturing methods and the availability of transcriptomes provide the basis for future worm stage seems to be the most conserved in term of gene expression profile between two species, 2 1 comparative data of the miracidium and metacercaria stages as well as qualitative and quantitative 2 2 differences in the cellular composition of life cycle stages would be important in the future. Cercariae and parasitic stages (rediae and adult worms), recovered from the hosts, were fixed and 2 6 stored in the IntactRNA (Eurogene, Moscow, Russia) according to the manufacturer instructions. The stage-specific samples contained approximately 7 adult worms, 100 rediae or 300 cercariae 2 8
Two-fold differences between TROM-scores between the adult worms and parthenogenetic stages
respectively. Prior to RNA isolation, the intactRNA-fixed samples were rinsed in 0.1M phosphate- The functional annotation of the predicted amino acid sequences was carried out with 1 KOBAS3.0 4344 . Homo sapiens and Schistosoma mansoni were chosen as references. The Jongeneel`s specificity measure 48 was used to determine stage-specific genes. Only the genes 1 5
with positive value (i.e. the gene activity was observed in one stage at a level higher than the sum of 1 6
all other stages combined) were considered as stage-specific.
7
The Transcriptome Overlap Measure (TROM) analysis (v1.3) 24 was performed to find the 1 8 similarity between stage-associated genes sets within life cycles and between two species. The 1 9
stage-associated genes set include stage-specific sequences according to the Jongeneel`s criterion as 2 0
well as that are active on analyzed, but not all life cycle stages.
1
The enrichment analysis of the reconstructed pathways with stage-specific genes was carried out 2 2 using the KOBAS resource (v3.0). The Homo sapiens pathways were chosen as the background, statistical analysis. We considered the pathway as "enriched" only when its corrected p-value was 2 5 below 0.05.
6
Immunolabeling and confocal scanning microscopy For immunostaining studies, the samples were fixed in a paraformaldehyde 4% solution in 0,1 M Triton X100 solution in PBS for 24 hours, and blocked in 1% solution of bovine serum albumin in 3 0
PBS for 6 hours. The blocked specimens were incubated in mixture of rabbit anti-5-HT (S5545, EMD Millipore, Burlington, Massachusetts, USA, diluted 1:1000). Rediae were incubated in 1 primary antibody for 24 hours, then washed in PBS with 0,1% Triton X100 and incubated in the 2 secondary anti-rabbit CF488 antibody (SAB4600044, Sigma-Aldrich, diluted 1:1000) for 8 hours. transferred to anhydrous acetone, critical point dried, sputtered with platinum, and examined using 1 1 Tescan MIRA3 LMU scanning electron microscope (Tescan, Brno, Czech Republic).
2
Availability of data 1 3 BioProject has been deposited at NCBI under accession PRJNA516017. Sphaeridiotrema respectively. The versions described in this paper are the first versions, GHGK01000000 and 1 7 GHGL01000000, respectively. All applicable international, national, and institutional guidelines for the care and use of animals 2 0 were followed. We neither used endangered species nor were the investigated animals collected in 2 1 protected areas. The authors declare that they have no competing interests. generation sequencing data. Bioinformatics 28, 3150-3152 (2012). reveals adaptation to the host environment and the capacity for rapid evolution. Genome Biol. 
